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Injury

Sally K. Stansfield, Gordon S. Smith, and William P. McGreevey

Injuries are too often referred to as “accidents,” suggesting that
such events are random and have causes not within our con-
trol. On the contrary, injuries occur with definable patterns
which help to identify risk factors and thereby imply strategies
for prevention. Injury control, including reduction of the
frequency, severity, and consequences of injury, can reduce the
growing burden of injury in the developing world (Smith and
Barss 1991). Already one of every four to nine persons suffers
a disabling injury each year in developing countries, and it is
estimated that 2 percent of the world’s population is currently
disabled as a result of injury (wHO 1986).

In developing countries, injury is frequently viewed as an
inevitable consequence of technological change and eco-
nomic development. In the view of both business and the
community, short-term economic gains often outweigh the
cost of death and disability from injury. Because they are
socioeconomically and politically disadvantaged, people in
developing countries live daily with a risk of injury which
would be unacceptable in industrial nations. As emphasized in
the recently adopted “Manifesto for Safe Communities,” this
“inequality in the safety status of an individual in developing
and developed countries is of concern to all countries” (WHO
19893, p. 7).

The heterogeneity of the mechanisms and effects of injury
has interfered with awareness of its public health importance
and thereby hampered the development of comprehensive
programs to address this important health problem. Yet as
injury emerges as the leading cause of death in more and more
countries, there is a growing demand for the development of
national and international programs for injury control.

Definitions

Physical injury is caused by an acute exposure to damaging
energy (mechanical, electrical, thermal, or chemical) or by the
sudden absence of essentials (such as the lack of oxygen in
drowning, or heat in hypothermic injury). The study of injury
focuses on the acute effects and long-term disability resulting
from the acute injury; therefore it does not include delayed or
indirect effects of chronic exposure, such as those from carci-
nogenic chemicals (Waller 1985; Robertson 1992). Important,

though often neglected, are the “adverse psychological and
social consequences” (WHO 1989a, p. 5) of such injurious
events as rape or child abuse.

It is important to distinguish the “pathological outcome” of
an injurious event from its mechanism, or “external cause.”
Figure 25-1 is a schematic drawing of the chain of events of
injuries; the drawing also emphasizes that opportunities for
prevention of injury depend on (a) reduction of the probability
of an injurious event (through risk reduction) and (b) reduc-
tion of the severity of injury (through alteration of the nature
of the event). In contrast, case management depends on (c)
reduction of the consequences of the injury (through altering
the pathological outcome) once that injury has occurred.
Haddon (1980) referred to these three “phases” of injury
control as “pre-event,” “event,” and “post-event.”

Injuries are categorized by both their external cause (E-codes,
which describe the injurious event) and by their pathological
outcome (N-codes, which describe the nature of the injury) in
the wHO Intemational Classification of Diseases (wHO 1977). In
table 25-1 we list the pathological outcomes most commonly
associated with selected injurious events (external causes).

Figure 25-1. Chain of Injury Events and

Opportunities for Injury Control
. Case
Prevention management
Reduce
consequences of
injury
(post-event)

v

. Injury event i
Risk Pathological
e ()| "eoma™ | )] Pamooa

Source: Authors’ data.



610  Sally K. Stansfield, Gordon S. Smith, and William P. McGreevey

Table 25-1. Pathological Outcomes Commonly
Associated with Injury Events in the Developing
World

Pathological outcome
Infectious
Injury event Type of injury complications
Fire Burn and thermal injury Yes
Anoxic injury Yes
Electric shock  Burn and thermal injury Yes
Collision Crush and deceleration injury Yes
Abrasion and laceration
Dislocation and fracture
Fall Crush and deceleration injury Yes
Abrasion and laceration
Dislocation and fracture
Assault Abrasion and laceration Yes
Dislocation and fracture
Anoxic injury
Submersion Anoxic injury Yes
(drowning)
Poisoning Toxic injury No

Source: Authors’ data.

Different preventive strategies are also implied by the further
categorization of the external cause of injury as unintentional
or intentional (homicide, other assaults, and suicide). Reflect-
ing the increasing recognition of the preventability of injury,
the term “unintentional injury” has been preferred to “acci-
dents” (Langley 1988).

Risk Factors

Just as specific pathological outcomes are seen more commonly
with certain injurious events, each injurious event is com-
monly associated with specific risk factors. Some of the main
risk factors for the injurious events prevalent in developing
countries are shown in table 25-2. The importance of each of
these risk factors varies, however, for each external cause of

injury and according to local patterns of transport and of
domestic and occupational activities.

Demographic characteristics which are determinants of ex-
posure to risk of injury include gender, age, occupation, and
socioeconomic status. The behavior patterns of males place
them at higher risk for most injuries (burns are one of the
exceptions; see Taket 1986), and there is a trend of increasing
difference between males and females with increasing age.
Infanticidal deaths are, however, more common among female
children.

Adolescents and younger adults, who already sustain more
injuries than others, further increase that risk with alcohol use.
For example, persons between the ages of sixteen and twenty-
four drive approximately 20 percent of the total vehicle miles
traveled in the United States, yet they account for 42 percent
of the alcohol-related fatalities (NHTSA 1988). Although there
is less such information from developing countries, it appears
that the patterns are similar (Wyatt 1980; Sinha, Sengupta,
and Purohit 1981). Age also affects the case-fatality ratio, or
the risk of mortality once an injury has been sustained, with
increased mortality observed among both the very young and
the very old (Waller 1985; Baker and others 1992).

The poor suffer disproportionately from homicide, assault,
pedestrian fatality, and burn injury fatality. The death rate
from unintentional injury is also twice as high in low-income
areas as in high-income areas of the United States (NRC/IOM
1985). Similar patterns are evident in developing countries,
especially in poor urban areas. The demands of economically
and politically underprivileged groups for safe products, work-
ing environments, and communities are less likely to meet with
success. Psychologic disorders, such as substance abuse, vio-
lence (toward both self and others), isolation or withdrawal,
and depression, are also more commonly found among popu-
Jations marginalized by poverty. These disorders, along with
the risky behaviors associated with lack of safety education, all
predispose people to injury.

In addition to affecting people’s exposure to risk of injury,
socioeconomic status often alters the case-fatality ratio once
the injury occurs (Baker, O'Neill, and Karpe 1984), in part
because of variation in access to definitive surgical care. In

Table 25-2. Selected Risk Factors Associated with Events in the Developing World

Injury event
Submersion

Risk factor Fire Electric shock ~ Collision Fall Assault (drowning) Poisoning
Male sex No Yes Yes Yes Yes Yes No
Age

Under 15 Yes No No Yes No Yes Yes

15-64 No Yes Yes No Yes No Yes

65 or older No No No Yes No No No
Low socioeconomic status Yes No No No Yes No No
Hazardous products Yes Yes Yes Yes Yes Yes Yes
Alcohol use Yes No Yes Yes Yes Yes Yes
Psychologic disorders Yes No No Yes Yes Yes Yes
Poor safety education Yes Yes Yes Yes No Yes Yes

Source: Authors’ data.



lower socioeconomic groups both the children (who are often
pootly supervised) and their parents (who must often take
greater occupational risks) have a higher frequency of both
fatal and nonfatal injury. In their study of an urban slum in Rio
de Janeiro, Reichanheim and Harpham (1989) found an asso-
ciation between children’s injury and maternal marital status,
maternal stress or depression, and mothers’ work outside the
home.

Among the substance abuse disorders, alcohol consumption
represents the main avoidable risk for injury. In the United
States, alcohol-related mortality (ARM) accounts for 4.5 per-
cent of deaths from all causes (cpc 1990). Unintentional injury
accounts for 28.7 percent of all ARM and more than half of all
years of potential life lost (YPLL) before age sixty-five. Inten-
tional injury accounts for 16.8 percent of all ARM and 29.1
percent of all YPLL before age sixty-five. Of fatally injured motor
vehicle drivers in 1987, 38 percent were intoxicated (blood
alcohol concentration greater than 0.10 percent), a decline
from 44 percent in 1982 (NHTSA 1988).

Like the other lifestyle features which accompany eco-

nomic development, alcohol abuse and its adverse health .

effects are beginning to be recognized fot their importance
in developing countries (Edwards 1979): Although the per
capita consumption of alcohol in industrial countries has
decreased or at least remained stable, it is clearly on the
increase in most of the developing world. The total avail-
ability of alcoholic beverages in developing countries has
increased by 146 percent since the early 1960s (Kortteinen
1988). Per capita consumption and the fraction of annual
income spent on alcohol have both increased each year
since 1978 in Singapore (Curry 1989).

Even more dramatic are the data from the rural Kisii District
of Kenya, where Bittah, Owola, and Oduor (1979) docu-
mented that up to 27 percent of randomly selected males and
24 percent of females met the WHO criteria (wHO 1952) for

alcoholism. Nearly half of male and one-quarter of female _

heads of households in a Nairobi slum have been categorized
as alcoholics (Nielsen, Resnick, and Acuda 1989). In addition
to predisposition to alcohol-related disease and mortality, in-
cluding that from injury, these families are characterized by
worsening economic status, higher rates of separation and
divorce, other psychiatric disorders, and premature mortality
among both the adults and their children.

The role of alcohol and other drug use in predisposing
people to injury in the developing world is also only beginning
to be documented (Patel and Bhagwatt 1977; Jacobs and Sayer
1983). In addition to limited awareness among health and law
enforcement professionals of alcohol as a risk factor, the lack
of technology for blood or breath alcohol measurements is a
constraint to further definition of the problem (Ryan 1990).
In Papua New Guinea, where a few studies have been con-
ducted, one-third to more than half of fatally injured drivers
were found to be legally intoxicated, and 69 to 90 percent of
fatally injured pedestrians were found to have blood alcohol
levels above 80 milligrams per 100 milliliters (Wyatt 1980;
Sinha, Sengupta, and Purohit 1981).
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Although there are few studies even in industrial countries,
alcohol is also a risk factor for nonvehicular injuries
(Wechsler, Kasey, and Thum 1969; Dietz and Baker 1974;
Davis and Smith 1982; Mierley and Baker 1983; cpc 1984;
Pleuckhahn 1984; Smith and Kraus 1988). For example, alco-
hol abuse underlies more than one-fifth of nonvehicular
trauma deaths in urban areas of Papua New Guinea (Sinha,
Sengupta, and Purohit 1981; Attah Johnson 1989). Alcohol
and other drug abuse is known to be a growing problem which
has undoubtedly been widely underestimated in developing
countries (Edwards 1979; Wyatt 1980; Weddell and
McDougall 1981), and its importance needs to be further
characterized by epidemiologic research.

Injurious Events

The severity of injuries and the case-fatality rate from them
depend largely on their cause. Specific external causes and
groups at risk for injury vary widely among countries by level
of industrialization and by occupational and cultural practices.
Because of the lack of surveillance systems or population-based
studies, there is limited information available about injury
frequency, risk groups, mechanism, and outcome. Much of the
information that has been developed regarding the epidemiol-
ogy of injury has been descriptive, based on hospital data
rather than more reliable community-based studies.

Unintentional Injuries

Fatal injuries in the developing world most often result from
motor vehicle collisions, burns, poisonings, drownings, and
falls (Manciaux and Romer 1986; Taket 1986; Smith and Barss
1991). As in the industrial countries (Barancik and others
1983), the leading causes of injury deaths are usually not the
same as the most prevalent causes of nonfatal injuries. For
example, drowning is a frequent cause of death but an infre-
quent cause of nonfatal injury due to its high case-fatality ratio.
The main causes of nonfatal injuries include laceration by
cuttingand piercing instruments and interaction with animals,
in addition to minor motor vehicle collisions and falls. Each
of the most important mechanisms of injury are discussed
below; data are included from developing countries regarding
risk factors as they may pertain to the selection of intervention
strategies.

MOTOR VEHICLE COLLISIONS. Among injuries resulting in death,
those due to motor vehicle crashes are emerging as the most
important for people between the ages of five and forty-five in
many developing countries (Jacobs and Sayer 1983; Lourie and
Sinha 1983; Mohan and Bawa 1985; Ezenwa 1986a, 1986b).
In some countries, particularly the oil-producing countries in
which the number of vehicles and roads are rapidly expanding,
motor vehicle collisions rank first among causes of death for
all ages (Bayoumi 1981). Mixed traffic, which may include
trucks, buses, automobiles, motorcycles, mopeds, rickshaws,
bicycles, and pedestrians, all moving at different speeds, clearly
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predisposes people to collision and injury. Pedestrians and
drivers of two-wheeled vehicles are at especially high risk in
developing countries, accounting for more than half of all
fatalities (wHO 1987b).

Mortality rates per vehicle in Ethiopia and Nigeria in 1978,
for example, were fifty times higher than in the United States
or United Kingdom (Jacobs and Sayer 1983). Where the use
of motor vehicles is rapidly increasing, mortality related to
them is also increasing, as has been observed in Thailand,
Papua New Guinea (a fourfold increase from 1969 to 1978)
(Wyatt 1980), and Malaysia (a fourfold increase in the five
years preceding 1975) (Silva 1978). Similar trends have been
noted in Latin America and Africa. As development increases
further and safety improves, the mortality per vehicle or per
mile traveled typically decreases, although the rate per 100,000
population may continue to increase because of increasing
exposure.

BURNS AND FIRES. Burns are most prevalent among women
and children, with the great majority occuring in domestic
environments (Sowemimo 1983; Bang and Saif 1989; Jamal
and others 1989). In Lagos, for example, more than half (56.2
percent) of the burn injuries occurred among children less than
fifteen years of age. Mortality ranges from 6.7 percent to 35
percent among patients admitted to hospitals (Datey, Murthy,
and Taskar 1981; Sowemimo 1983; Bang and Saif 1989; Jamal
and others 1989). Burns caused from 15 to 45 percent of all
injury deaths seen in three hospital centers in India (Datey,
Murthy, and Taskar 1981), where fatality rates among hospi-
talized patients range up to 35 percent.

In many countries, burns are most commonly sustained by
women who work over open stoves or cookfires (Saleh and
others 1986; Gupta and Srivastava 1988) and are a significant
cause of death for women of childbearing age. Fatal burns in
Kanpur, India, occur primarily among young Hindu house-
wives, whose unintentional burns are frequently attributed to
open cookfires or overturning stoves and their loose, highly
inflammable clothing. Approximately half of the women who
suffer fatal burns, however, are intentionally burned or forced
to commit suicide, most often in association with marital
disharmony (Gupta and Srivastava 1988). Untreated epilepsy
has also been shown to be a risk factor for burns in several
studies (Subianto, Tumada, and Margono 1978; Barss and
Wallace 1983).

Cigarette smoking, a frequent cause of house fires and death
due to burn injuries in the United States (Mierley and Baker
1983; Technical Study Group 1987), needs to be investigated
for its role in developing countries as a risk for burn injury and
death (Smith and Barss 1991). The prevalence of cigarette
smoking, currently on the increase in the developing world,
will likely continue to increase as cigarette manufacturers face
contracting markets in many industrial countries.

POISONING. In many developing countries, poisoning has
emerged as asignificant cause of death (Smith and Barss 1991).
Local industry and agricultural practices often determine the

epidemiology and causes of poisoning. Traditional healing
practices also account for the patterns of acute poisoning in
some countries (Joubert and Mathibe 1989). The majority of
cases occur among children (Gaind, Mohan, and Ghosh 1977;
Banerjee and Bhattachariya 1978) and agricultural workers
(Hayes 1980; Jeyaratam, Senevirante, and Copplestone 1982);
however, suicide accounts for many of the deaths among
adults.

In Sri Lanka in 1978, for example, the more than 1,000
deaths from pesticide poisoning alone greatly exceeded the 572
deaths from polio, diphtheria, tetanus, and pertussis combined
(Jeyaratam, Senevirante, and Copplestone 1982). The United

+»Nations Children’s Fund estimates that up to 2 million pesti-
cide poisonings and 10,000 deaths from such poisonings occur
annually (UNICEF 1989); however, recent reports from the
Philippines suggest that these figures may represent a substan-
tial underestimate (Loevinsohn 1987). Recent evidence also
suggests that subacute poisoning and chronic disability may
result from continuous low-level exposure. Eighty to 90 per-
cent of pesticide poisonings are caused by highly toxic prepa-
rations which account for only 4 to 5 percent of pesticide use
(Xue 1987). That developing countries account for more than
half of all acute pesticide poisonings and 80 to 99 percent of
all deaths from such poisonings, despite their using only 20
percent of the world’s pesticide (WHO 1987a; Xue 1987), also
indicates that this is an area for intervention.

Accidental ingestion of kerosene is a prominent cause of
poisoning among children (Ramesh, Srikanth, and Parvathy
1987; Joubert and Mathibe 1989), most typically when it has
been stored in soft drink bottles or other inappropriate con-
tainers. An important cause of death in a number of countries
is carbon monoxide poisoning, often from motor vehicle ex-
haust or heating systems, such as those used in Korea, in which
hot combustion gases circulated under floors may leak into
homes (Lee and others 1971).

Inappropriate use of medications is emerging as an impor-
tant cause of toxic ingestions, particularly in urban areas. For
example, in a recent report from Pakistan, Bhutta and Tahir
(1990) describe nineteen cases of loperamide hydrochloride
(Imodium) poisoning, of which at least six deaths were a result
of inappropriate marketing and use of this antimotility agent

for childhood diarrhea.

DROWNING. Ponds, irrigation ditches, and wells in develop-
ing countries represent the danger of drowning for young
children. In Brazil, drowning occurs most often among chil-
dren between ten and fourteen years of age and is second only
to motor vehicle collisions as a cause of death among these
children (de Mello and Bernardes-Marques 1985). In many
countries in Asia, drowning is the primary cause of injury death
(Ng, Chao, and How 1978; Meade 1980; Selya 1980; Gu and
Chen 1982; Kleevens 1982). Many of the deaths among young
adults aged fifteen through twenty-four may reptesent suicide,
drowning being a preferred method in Asian countries (Ng,
Chao, and How 1978). Drowning is probably underestimated
as a cause of death in many countries because so few cases ever



reach the hospital or are reported to police (Smith and Barss
1991).

FALLS. Injury from falls is most prevalent in occupational
settings, among young boys, and, where larger such populations
exist, among the elderly. Falls from roofs and trees, especially
during the harvesting of fruit, are among the most important
causes of fatal and nonfatal injury (Barss, Dakulala, and
Doolan 1984). The burden to society of these injuries is
substantial, particularly in view of the high incidence of para-
plegia resulting from spinal cord injury. In Hong Kong, falls
accounted for 32 percent of all trauma patients who were
discharged from the hospital, and hospitalized patients alone
accounted for a reported rate of 416 cases of fall injuries per
100,000 per year prior to 1979, a figure even greater than that
for motor vehicle accidents (Kleevens 1982).

OTHER UNINTENTIONAL INJURIES. Animals, bicycles, and cut-
ting tools are additional important instruments of injury
in most developing as well as industrial countries (Smith
and Barss 1986, 1991), imposing a considerable burden on
the health system. Gordon, Gulati, and Wyon (1962) found
that 13 percent of injury deaths in rural India were linked
to infectious complications of such minor injuries, suggest-
ing that many deaths could be prevented by simple
interventions such as proper wound care and tetanus im-
munization. Permanent disability resulting from ocular
trauma, which is responsible for 2.4 percent of all bilateral
blindness in Nepal (Schwab 1990), represents another im-
portant preventable loss of productivity.

Manmade disasters, such as the chemical leak in Bhopal and
the meltdown at the nuclear plant at Chernobyl, underline the
importance of chemical agents and nuclear energy in human
injury (Bertazzi 1989). These and the natural disasters, such as
droughts, earthquakes, and floods, frequently crystallize local
and international response more effectively than the less cat-
astrophic but more common causes of injury death. Yet the
more than 5,000 reported disasters in the last two decades have
affected more than 2.3 billion lives and resulted in more than
4 million deaths (CReD 1991), most of which are due to injury.
These episodic calamities remind us periodically of the greater
toll of injury in settings where capacity is limited to predict,
prepare for, and respond to such events.

OCCUPATIONAL INJURY. Injuries sustained in the workplace,
primarily impact and overexertion injuries, are more frequent
and perhaps more severe in the developing world. The death
rate for factory workers in India, for example, is 50 percent

higher than that in the United States (Mohan 1982). The .

injury rate among coal miners in Nigeria is seven times that
for the same occupational group in Britain (Asogwa 1980). In
Brazil during 1970, nearly 18 percent of industrial workers were
injured (Pupo Nogueira 1987). More than a quarter of indus-
trial workers in Mexico experience a disabling injury each year
(Cuellar 1980). The injury of workers in Sri Lanka occurs at a
rate of 1,000 per 1,000 or one for every worker per year and
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results in permanent disability in 25 percent of cases

(Krishnarajah 1972).
Intentional Injury

Distinction among injuries by motive has little import for case
management; however, it has clear implications in the selec-
tion of preventive strategies. Suicide, homicide, and genocide
(including war) are important causes of injury for which pre-
ventive strategies must be identified. Terrorism and torture are
threats or acts designed to coerce individuals or groups, often
resulting in long-term social and psychological injury. Rape
and child abuse also inflict psychological injury which can be
considerably more disabling than any associated physical in-
jury. More dramatically than in any other cause of injury, males
are most commonly the actors in such interpersonal and inter-
group violence. Women and children are frequently the vic-
tims (Chelala 1990). Locally important factors predisposing
people to intentional injuries, such as poverty, racism, social
isolation, and drug and alcohol abuse, should be investigated
as risk factors (Rosenberg and others 1987).

Criminal homicide represents a significant proportion of
injury deaths in many parts of the world. For example,
homicide rates of 8.2 per 100,000 population are observed
in Latin America; comparable figures are 6.7 for the Carib-
bean, 4.7 in North Africa and the Middle East, and 2.3 per
100,000 in Asia. Such intentional interpersonal injury is
most prevalent in urban areas throughout the world. In the
area surrounding Bangkok, for example, homicides are the
leading cause of death due to injury, accounting for 27
percent of injury mortality (WHO 1987a). The mortality rate
associated with firearms was less than 1 per 100,000 in the
United States in 1980; it was nearly 30 per 100,000 in Sao
Paulo, Brazil, in 1984. In neighboring Colombia, the homi-
cide rate per 100,000 inhabitants rose from about 20 in the
early 1970s, before drug trafficking became such an import-
ant problem, to more than 50 in 1987 (Losada Lora and
Velez Bustillo 1988).

Suicide is also probably more important than is suggested by
currently available statistics. In Sri Lanka, for example, suicide
is the most common cause of injury death, with organophos-
phate pesticide poisoning a frequent method of choice (Sri
Lanka Psychiatric Association 1982; Berger 1988).

The importance of armed combat as a cause of injury mor-
bidity and mortality cannot be ignored. Since 1980, forty-five
countries have been involved in forty wars with more than 4
million soldiers globally. More recent wars are tragically dis-
tinguished by the occurrence of the majority of the mortality
(80 to 90 percent) among civilians, most of whom were women
and children. More than 1 million people have perished in
Uganda alone during the last twenty years of political unrest.
For every death, three times as many people sustain a nonfatal
injury (Werner 1987). The more indirect effect of such strife
on health status—diversion of national resources to defense
from health care—has been pointed out by Ogba (1989) in
Nigeria and Chelala (1990) in Central America.
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The Public Health Significance of Injury

Worldwide, injury ranks fifth among the leading causes of
death, accounting for 5.2 percent of the total mortality (Man-
ciaux and Romer 1986) and 10 to 30 percent of all hospital
admissions (WHO 1988). One review of global survey data has
suggested that one child in evety five to ten sustains an injury
each year (Manciaux 1984). A summary of global age-specific
patterns of mortality from injury and poisoning is presented as
table 25-3. We developed these estimates and projections
using the methodology outlined by Alan D. Lopez in chapter
2 of this collection.

Current Levels and Trends in the Developing World

Injury morbidity in developing countries is more difficult to
ascertain, because of the lack of adequate community-based
studies of injury (Smith and Barss 1991). Data collection
regarding the incidence of milder injury is further hampered
by the absence of a consistent case definition for injury or
disability. In the United States, it is estimated that 1 in 4
people suffer injuries requiring medical attention each year,
and 1 in 3 have a day of restricted activity or required medical
attention (Collins 1985). The definition of the severity of
injuries as either requiring hospitalization or outpatient medi-
cal attention is useful for defining the burden to the health
system in industrial countries. Such case definitions, however,
will clearly record many fewer cases of similar severity in
countries in which medical care is less available.

MORBIDITY AND MORTALITY LEVELS, ABOUT 1985. Nearly 3
million deaths are reported from injury and poisoning annu-
ally; two-thirds of these occur in the developing countries
(wHO 1989¢). In many industrial countries, injuries are now
the leading cause of death during the first half of the human
life span (Baker, O'Neill, and Karpe 1984), and they are
becoming one of the leading causes of death and disability in
developing countries (Wintemute and others 1985). Because
of the greater toll taken by injuries among the work force and
younger age groups, however, their importance to the public
health is best recognized when measured as years of potential
life lost, a reflection of premature mortality.

Although prospective, population-based studies of inju-
ries in developing countries are rare, Gordon, Gulati, and
Wyon (1962) demonstrated a low incidence of disabling
(that is, causing disruption of normal activity) injury of 111
per 1,000 people per year in eleven very rural Indian villages
in 1959. Gordon, Gulati, and Wyon'’s definition of “injury”
as that resulting in short- or long-term disability will be a.
less sensitive measure of injury morbidity, although this is
probably the best definition where medical care is not uni-
versally available. In a community-based survey of children
in an urban slum of Rio de Janeiro, Reichanheim and Harp-
ham (1989) documented that 30 percent of the children had
been injured within the last fifteen days; 85 percent of them
were treated at home.

The rates of nonfatal injury in developing countries are
probably as high as or higher than those observed in the
industrial world. Data from the United States suggest that for
every fatal injury there are 16 hospitalizations and almost 400
injuries serious enough to restrict activity or require medical
treatment (Rice and others 1989). It is likely that there are also
several hundred nonfatal injuries for every fatal injury in
developing countries. Because of the lack of available survey
methods for identifying and quantifying disability, the real
economic and social effect of these injuries is unknown.

TRENDS IN THE PERIOD 1970 TO 1985. Observation of trends in
"the epidemiology of injury in developing countries raises the
question of the relationship between development and injury.
Omran (1971) pointed out that developing countries move
through an “epidemiologic transition,” from a disease profile
dominated by infectious diseases to one characterized by the
“postransition” noncommunicable health problems, including
injury. This transition is brought about through development-
associated evolution in three important determinants of the
pattern of disease: (a) changes in demographics due to changes
in fertility and mortality rates, (b) changes in the prevalence
of infectious disease resulting from improved control and re-
duced incidence, and (c) changes in risk factors resulting from
technological and social change.

Demographic changes (such as the shift in age structure
and urbanization) have had an effect on the epidemiology
of injury primarily through an increase in the incidence of
injuries which are more prevalent among the elderly (such
as falls) and in urban environments (such as motor vehicle
collisions). Reduction in the prevalence of infectious dis-
eases during the past fifteen years has resulted in a growth
in the relative importance of injury because it has typically
emerged as the most important cause of death for ages one
to forty-four.

In many rapidly industrializing countries of the developing
wotld, the absolute injury mortality rates have also grown
rapidly. With development have come technological and so-
cial changes which alter the risk of injury. These changes have
the potential to affect the incidence of injury either adversely
(such as through increased hazards or increased risk-taking
behaviors) or beneficially (such as through safer products and
behaviors). In most developing countries to date, however,
these changes in environment and lifestyle have exacerbated
rather than ameliorated the problem of injury.

For example, Selya (1980) describes this trend in Taiwan
(China), where from 1960 to 1977 unintentional injuries rose
from the seventh to the third leading cause of death, and the
absolute injury mortality rate increased from 38.9 to 57.2 per
100,000 population. In Shanghai County, China, injuries have
already emerged as the leading cause of death for people
between the ages of one and forty-five (Gu and Chen 1982).

The increased motorization of transportation in develop-
ing countries is perhaps the best-documented example of
the unintended negative consequences of technological
change. The explosion in the number of roads and vehicles
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Table 25-3. Estimated Global Mortality from Injury and Poisoning (by Region, Age, Sex, and Year)
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(per 100,000)

1970 2015
Population Male Female Male Female Male Female Male Female
World
Under 1 96 84 95 78 78 62 68 50
14 99 85 67 57 47 35 43 30
5-14 31 14 28 13 26 11 23 10
1544 100 22 92 22 86 20 79 19
45-64 124 32 115 31 111 28 107 27
65 and older 216 153 201 140 202 144 205 151
Industrial countries
Under 1 78 30 63 24 44 19 38 16
14 363 312 112 109 28 26 19 20
5-14 24 3 17 2 13 2 11 1
15-44 63 11 53 11 47 8 39 6
45-64 88 28 74 25 84 21 81 20
65 and older 224 188 191 151 209 167 208 168
Nonmarket countries
Under 1 81 45 86 45 62 36 58 28
14 64 49 52 43 45 22 44 25
5-14 32 11 27 10 23 6 22 4
1544 105 20 88 18 84 14 74 11
45-64 137 33 116 31 116 29 114 27
65 and older 230 155 217 156 208 157 213 155
Latin America and the Caribbean
Under 1 68 52 101 67 68 47 61 39
14 67 44 87 61 45 32 44 23
5-14 32 13 32 14 23 10 22 8
15-44 119 24 105 25 86 21 80 18
45-64 157 35 147 36 114 30 110 29
65 and older 258 133 263 152 206 144 204 151
Sub-Saharan Africa
Under 1 141 126 118 103 99 84 83 66
14 74 60 71 56 55 41 50 35
5-14 50 22 42 19 35 15 28 13
1544 133 26 120 25 108 24 97 23
45-64 149 33 138 32 129 32 123 31
65 and older 210 118 204 120 200 121 199 121
Middle East and North Africa
Under 1 110 105 103 93 88 74 76 59
14 54 47 60 52 48 37 43 31
5-14 36 19 30 14 27 13 23 10
15-44 113 30 103 24 96 23 85 21
45-64 135 34 133 32 124 32 114 30
65 and older 197 110 208 130 202 129 195 127
Asia
Under 1 94 91 91 82 75 63 66 50
14 65 59 58 49 46 36 43 31
5-14 29 15 27 13 25 12 23 11
15-44 104 24 96 24 90 23 81 20
45-64 131 32 124 32 117 30 110 29

Source: Lopez, chapter 2, this collection..
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in Saudi Arabia has been associated with an increase in both
morbidity and mortality (nearly 600 percent) due to motor
vehicle crashes (Ergun 1987; Ofosu 1988). In Thailand, where
the motor vehicle mortality rate has increased almost 30
percent each year (Punyahotra 1982), injuries have risen from
sixth to first among all causes of death since 1947 (Choovo-
ravech 1980). Motor vehicles alone were responsible for more
years of potential life lost than tuberculosis and malaria
combined.

The social changes which accompany development have
also generally led to an increase in the frequency of injury in
developing countries. With the rapid introduction and diffu-
sion of new technologies, they are frequently used without
concern for their safety. For example, in India the grain mills
were mechanized without appropriate protective shields over
drive belts, resulting in an increase in the incidence of severe
injury (Gupta, Bhasin, and Khanka 1982). The economic
benefits of mechanization of industry or transportation are
seen as greater than the cost of injury or death that may result
from the inappropriate use of these technologies. The large
underclasses found in developing countries, who are virtually
denied access to the wealth of the dominant group, have little
to lose by high-risk behavior. Hopelessness in the face of
poverty, racism, social isolation, and drug and alcohol abuse
does not encourage the investments necessary to improve
safety or health.

Possible Morbidity and Mortality Pattems: 2000 and 2015

Still, development may be accompanied by technological and
social changes that raise income and improve the equity of its
distribution. Studies have confirmed that safety is considered
a normal good, the demand for which rises with income
(Peltzman 1975). The development of a complex institutional
structure (including legislation, enforcement, insurance and
litigation services, and complex capital markets) helps to
reduce the incidence of injury by forcing implementation of
safety measures. Such social organization also applies disincen-
tives to the creation or maintenance of hazards by forcing those
who do so to compensate the victims of resulting injuries.
Individuals and industry may thereby be coerced to reduce
injury risks to the larger community if there is public support
for such social change.

Mechanization associated with development may reduce
the incidence of injury if it reduces the interaction between
people and machines or replaces more hazardous methods. In
Nigeria, for example, mechanization of a coal mine was asso-
ciated with a 60 percent reduction in mining injuries as well
as a reduced severity of those injuries (Asogwa 1988). In Sdo
Paulo, Brazil, in 1970, nearly 18 percent of industrial workers’
suffered a work-related accident; with increasing mechaniza-
tion the incidence was reduced to 3.8 percent by 1984 (Pupo
Nogueira 1987). Improved traffic safety and occupational in-
jury control measures in the United States resulted in reduc-
tions in injury mortality on the road and in the workplace after
industrialization had initially brought about increases

(Chesnais 1985). Rising then declining injury rates from motor
vehicles, such as those seen in Sdo Paulo, Brazil, during the
quarter century beginning in the 1960s (Haight 1980), will
likely be observed. Similar trends may be expected in other
developing countries as the demand for safety increases.

Growing prominence of alcohol and drug abuse often
accompanies economic development. So few developing na-
tions have begun to recognize or address this problem that it
will likely worsen before abuse control measures are instituted.
The relative lack of mechanisms to implement legislation,
taxation, or treatment and rehabilitation for the control of
alcohol and drug abuse will also probably hamper efforts to

»control the associated injuries.

The increasing availability of firearms is likely to increase
intentional injuries throughout the world. Global expenditure
for arms continues to rise, already exceeding $1 trillion dollars
annually. Arms transfers to developing countries exceeded
$52.7 billion from the United States alone in 1987. There will
be, however, tremendous resistance to any international ac-
tion to halt this lucrative trade in an effort to contain inter-
group and international violence.

The currently increasing use of pesticides in agriculture will
be associated with an increased risk of poisonings unless the
higher exposure can be offset by stringent safety controls and
replacement of the more hazardous agents with safer alterna-
tives. Successful implementation of other injury control mea-
sures would be expected to interrupt the worsening trends in
injury incidence on the road, in the workplace, and in the
home. In those countries which have begun to address the
potential hazards associated with technological and social
development, such as in Europe and North America, the

absolute rates of injury mortality have already begun to fall
(Baker and others 1992).

Economic Costs of Injury

The annual medical and social costs of injury are estimated to
exceed $500 billion worldwide (wHO 1989a). Injuries are re-
sponsible for up to one-third of all hospital admissions (WHO
1989a). In addition to costs for emergency services, tremen-
dous costs are incurred in continuing care, rehabilitation, and
lost productivity due to both death and disability. It is esti-
mated that the cost of injury treatment in the United States
in 1985 was approximately $317,000 for each fatality, $34,000
for each hospitalization, and $500 for each injury not requiring
hospitalization (Rice and others 1989). It has been estimated
that the cost of injuries from motor vehicle collisions alone
amounts to nearly 1 percent of the gross national product of
many developing countries. Thailand, however, estimates that
the cost of these injuries is more nearly 2 percent of the gross
national product, not including the costs of the long-term
disabilities (wHO 1987b).

Because of its high toll among the younger age groups, injury
is the main cause of years of potential life lost in industrial
countries. In the United States, for example, injury accounts
for 40.8 percent of YPLL, at an estimated cost of $158 billion per



year for both fatal and nonfatal injury (Rice and others 1989).
The relative economic importance of injury in developing
countries such as Egypt is even greater, where it accounts for
78 percent of YpLL and 10 to 30 percent of all hospital admis-
sions (wHO 1988).

Disability, both temporary and permanent, resulting from
nonfatal injury is perhaps the most important, yet often
overlooked, cost of injury. There are few studies which
quantify such disability in developing countries. In the
United States, disability from injury results in a loss of
normal activity for an estimated 3 days per person per year
(Smith and Kraus 1988). In a study in Sri Lanka, Krishna-
rajah (1972) showed that the disability which resulted from
industrial injuries accounted for annual losses of 1.6 million
working days. The World Health Organization (wHO 1986)
estimates that 13 percent of the world’s population is dis-
abled and that at least 15 percent of these disabilities result
from injury. These data suggest that of 78 million persons
(2 percent of the world’s population) disabled because of
injury, most live in developing countries, where disabilities
frequently become handicaps because of the lack of appro-
priate rehabilitation services.

Although little such cost data are available from the
developing world, in a study in northeast Brazil, DeCodes,
Baker, and Schumann (1988) assessed the direct and indi-
rect costs of various categories of illness. Although injuries
accounted for only 11.8 percent of all direct costs of disease
or injury, they accounted for 27.5 percent of indirect and
25.5 percent of total costs. Most (68.7 percent) of the total
injury costs accrue from disability-related losses in produc-
tivity, whereas approximately a quarter (25.3 percent) of
the costs are from loss of life. In figure 25-2 we compare
these findings by DeCodes, Baker, and Schumann to the
analogous figures for respiratory diseases.

The costs of lost productivity and medical care for injury
are often exceeded by costs of property damage, insurance,
and other nonmedical items. Researchers who conducted a
survey of five developing countries (Turkey, Thailand, and
three African countries) between 1961 and 1971 found that
damage to vehicles and property accounted for 60 to 87
percent of the costs resulting from vehicle crashes (Jacobs
and Sayer 1983; Baudouy 1989). In no case did medical costs
exceed 9 percent of the cost of crashes. Medical attention
and subsequent disability payments account for only one-
fifteenth of an estimated $1.5 billion in annual traffic-
accident costs in Brazil (Airton Fischmann, personal
communication, 1988).

Lowering the Incidence and Severity of Injury

As emphasized in figure 25-1, the opportunities for prevention
of injury lie in alteration of the risk factors (to reduce the
probability of injury) and of the injurious events (to reduce the
severity of injury). The strategies designed to reduce the con-
sequences of injury are discussed later, in the section on case
management.
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Figure 25-2. Direct and Indirect Costs of Injuries
and Respiratory Diseases
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Source: DeCodes, Baker, and Schumann 1988.

Elements of Preventive Strategy

Of the risk factors for injury incidence and severity included
in table 25-2, those most amenable to change include alcohol
use, unsafe behaviors due to poor safety education, and poor
product design. For each of the interventions designed to
reduce these risks, we summarize in table 25-4 calculations of
expected disability-adjusted life-years (DALYs) gained by the
prevention of injuries from motor vehicles, falls, burns, and
toxic substances. The derivations of the estimates and calcu-
lations in table 25-4 are described in appendix 25A.

Candidate preventive interventions should be assessed for
their expected cost and effectiveness prior to implementation.
Proposed interventions may then be assigned a priority by a
multidisciplinary body of community members and experts in
injury control, which must include persons familiar with local
sociocultural constraints. For example, Calonge (1987) has
identified six factors for consideration in selecting an interven-
tion strategy for injury control: (a) demonstrated efficacy in
reducing injuries; (b) demonstrated effectiveness when im-
plemented; (c) public acceptance; (d) ease of implementation
considering political, economic, and logistic barriers; (e) level
of personal commitment required; and (f) cost-effectiveness.
A sample semiquantitative framework for assigning priorities
to interventions for reduction of injury from motor vehicle
collisions is provided in table 25-5.

The strategies for implementing preventive interventions
include: engineering; legislation, regulation, and litigation;
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Table 25-4. Effectiveness of Interventions for Injury Control in Developing Countries

Demographic and intervention parameters Transportation injury Fall injury Burnffire Poisoning
Demographics
Incidence (per 100,000) 665 2,000 600 100
Case-fatality ratio (percent) 1.7 0.2 1.0 6.0
Average age at onset 30 30 10 10
Morbidity (life-years lost) per injury 0.22 0.03 0.86 0.01
DALYs lost 3,098 1,278 13,438 180
Preventive interventions
Alcohol taxation
Reduction in incidence (percent) 30 26 34 8
DALYs gained 929 332 4,569 14
Product/environmental improvements
Reduction in incidence (percent) 70 50 70 80
DALYs gained 2,169 639 9,407 144
Behavioral change
Reduction in incidence (percent) 40 40 50 40
DALYs gained 1,239 511 6,719 72
Case Management interventions
Acute care improvement
Reduction in case-fatality ratio (percent) 50 50 60 60
Reduction in disability (percent) 50 50 86 60
DALYs gained 1,549 639 11,557 108
Rehabilitation care
Reduction in disability (percent) 70 70 70 70
DALYs gained 2,169 909 9,407 126

Source: Authors’ data.

taxation and other economic incentives; and education. The
effectiveness of an injury control program will depend not only
on the effectiveness of the intervention (seat-belt use does
reduce injuries), but also on the effectiveness of the mecha-
nisms used to promote or implement that intervention (health
education in the absence of supportive legislation and enforce-
ment, for example, has not been effective in changing patterns
of seat-belt use; see Robertson and others 1974).

ENGINEERING. Perhaps the most effective injury control strat-
egies are those that alter the design of environmental features
{such as roads) or equipment to reduce or eliminate the risk of
injury. Such passive interventions, which do not rely on
changes in volitional behavior, are generally more likely to be
effective than those that require the active participation of the
individual to reduce injury risk. Air bags, for example, which
inflate automatically in a motor vehicle crash will provide
passive protection even of occupants who fail to wear seat
belts.

Manufacturers seeking to limit costs of improving product
safety frequently argue that customers should be given the
freedom to choose less expensive products without added
safety features. This issue is raised in both industrial and
developing countries. The difficulty, however, of ensuring
individual “informed consent” to the risks of using unsafe
products and the costs to the society that are imposed by
injuries must be considered by governments in establishing
policy.

LEGISLATION, REGULATION, LITIGATION. Because of the failure
of corporations and industry to regulate themselves in matters
of product safety, it becomes incumbent upon governments to
provide requirements or incentives to protect their citizens.
Powerful industry lobbies are often formed to resist such efforts.
For example, U.S. legislators concerned with safety have been
unable to ban the use of additives in cigarettes that enhance
their burning, although such a ban would help to prevent the
house fires which claim more than 2,300 lives annually in the
United States (Smith and Barss 1986; Technical Study Group
1987). Some legal and regulatory strategies have been more
effective in altering injury frequency and severity. Legislation
or regulation in the mid-1970s to improve automobile safety
(for example, through design standards for brakes, door locks,
restraints, fuel systems) is credited with saving 9,000 lives
annually {(Robertson 1981). Most of these interventions were
actually developed by industry itself but were not implemented
initially because of short-term cost considerations.

In industrial countries, litigation or the fear of it has led to
increasing corporate responsibility for providing safer work-
places and products (Teret and Jacobs 1989). In the United
States, for example, some states have strict product liability
laws that impose penalties if injuries occur that could have
been prevented through use of state-of-the-art safety designs
(Robertson 1983). Although litigation may be an important
means of injury control in the United States, its applicability
in developing countries is likely to be limited for the near
future.
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Table 25-5. Sample Programs for Control of Injury from Motor Vehicle Collisions
Expected Accep- Feasibility/ Low
Phase Intervention impact tability ~ Enforceability cost Priority
Pre-event  Adopt the 1975 uN guidelines for issue and validity of + + ++ + + + + 3
driving permits, with periodic visual screening of drivers
Initiate vehicle registration requirements, with periodic ++ ++ +++ ++ 3
inspection for safety features
Limit dangerous vehicles (such as motorcycles over 250 +++ +4+ 44 et 2
c.c.) through taxation or import restrictions
Require imported vehicles to have padded dashboards, o ++++ kb bt 1
anti-lacerative windshields
Event Establish and enforce speed limits 4+ +4 4+ ++ 2
Identify and improve “black spots” or hazards; divide et 4t o+t ++ 1
highways .
Create pedestrian and bicycle-segregated traffic areas bt + + ++ o+ 3
Modify roadways through towns to ensure slowing of ++++ + + +++ + + 3.
traffic
Improve roadside lighting ++ ot + + 4
Mandate and enforce use of seatbelts and child restraint e+t 4+ ++ 4 2
systems in passenger vehicles .
Mandate and enforce use of crash helmets and daytime e +++ o +++ 2
headlights for motorcycles ‘
Provide basic emergency care training for police, public +4+ +4+ 4 44 2
transport drivers, and others likely to be first at scene
Post-event  Train primary health care workers in injury diagnosis and ++++ +t++t RINRENER +++ 1
primary management, including use of local materials
for collars, splints, and stretchets
Coordinate local communications and transport Tt +++ bt +++ 2
resources to provide emergency transport to trauma
centers
Regionalize and upgrade trauma care in urban centers +++ ERRE +++ + 2
Improve or develop community-based rehabilitation ot et +++ et 2

services, including training and referral resources at
regional trauma centers

+ Low, ++ moderate, +++ high, ++++ very high.
Source: Authors’ data.

TAXATION AND SUBSIDY. Taxes and other economic incen-
tives have been used creatively to reduce injury frequency and
severity. Reductions in insurance rates for vehicles equipped
with airbags, for example, have been used to promote their
selection by consumers and thereby reduce the severity of
injury in motor vehicle crashes. Taxes on the use of private
vehicles combined with subsidies of safer modes of transporta-
tion (such as trains and buses) can help to shift transportation
preferences and reduce injury because all forms of mass trans-
portation experience much lower death rates thar do private
vehicles for the same number of miles traveled (Baker and
others 1992).

Taxation has been particularly effective in modulating be-
haviors such as alcohol use. Alcohol sales and consumption
have been shown to be elastic such that price increases through
taxation effectively reduce consumption (Cook 1981). A re-
cent study estimated that a tax of approximately 35 percent on
the retail price of beer in the United States would eliminate
half the alcohol-related fatalities, and a 50 percent tax would
eliminate approximately 75 percent of these deaths (Phelps
1988). There is evidence to suggest that consumers in devel-

oping countries may be even more responsive to price changes
(Warner 1990), and excise taxes have already been successful
in reducing cigarette consumption in Papua New Guinea
(Chapman and Richardson 1990).

Because most of the alcohol consumed in developing coun-
tries is produced indigenously, it is frequently argued that state
monopoly systems should be instrumental in preventing alco-
hol abuse. Although the feasibility of control over traditional,
noncommercial alcohol production and consumption must be
considered, the potential profit (as well as public health ben-
efits) of state taxation and control of alcohol should provide
incentives for adopting national preventive policies. Success-
ful state control cannot be implemented, however, without
public support and stable political conditions. If national alco-
hol policy is not viewed as a reflection of the society’s attitudes,
black market trade in alcohol quickly emerges, undermining
national control and revenues.

Successes have been achieved in the Gambia, for example,
where 90 percent of alcohol is consumed as palm wine (made
from the sap of the trees); fees are collected for the license to
tap the palm trees and for distribution to the local markets
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(Kortteinen 1989). The economic significance of trade in palm
wine in rural areas is immense and represents an opportunity
for governments to provide disincentives for alcohol abuse
through taxation and to finance other costs of alcohol abuse
prevention or treatment with the revenue generated.

The availability of highly dangerous products may also be
shaped by economic incentives through the use of import
duties. Although duties on the import of every potentially
dangerous product may raise the cost of doing business and
retard economic growth, a more targeted strategy could limit
injury frequency and severity without hampering develop-
ment. For example, commercial interest in the importation of
more dangerous technologies might be altered in favor of safer
products by imposing a tax on imports which is proportional
to the risk of injury. The structure of duties could be adjusted
to encourage import, for example, of less toxic pesticides or
safer cookstoves. Control or even elimination of the importa-
tion of many products (such as handguns or other firearms),
could probably be more effective in developing countries than
it is in industrial countries because local production is more
limited.

EDUCATION. Education is frequently advocated to effect
changes in environmental and behavioral factors which alter
risk of injury, yet there is little evidence to support the effec-
tiveness of such interventions, even in the industrial world.
The most promising results have been achieved with educa-
tional interventions which are intended to prompt a single
behavior (such as installation of smoke detectors) rather than
sustained behavior change (such as seat-belt use or reduction
in alcohol use; see Robertson and others 1974; Miller and
others 1982). Training workers in safe work habits has been
shown to reduce the risk of injury, although the behavior
changes were not sustained for long periods after that training
(Margolis and Kroes 1975). It may be pointed out that the
generally lower level of knowledge about safety in many devel-
oping countries may leave more room for gains to be made
through education. Educational interventions have been most
effective, however, when used in support of legislative, taxa-
tion, or engineering interventions, to increase their accept-
ability (National Committee for Injury Prevention and
Control 1989).

Good Practice and Actual Practice: Are There Gaps?

Injury has not been recognized as a preventable public health
problem worthy of allocation of resources proportionate to its
importance. It isdemonstrated in figure 25-3, for example, that
research funding for cancer in the United States is more than

twenty-one times that for injury when compared on the basis

of preretirement years of life lost (NRCIOM 1985). Moreover,
the research information vacuum created by the historical lack
of resources has been used to explain continuing neglect of the
injury problem. In recent years, however, in both industrial
and developing countries, injury control has been given higher
priority than it had previously.

An additional obstacle to the development of comprehens-
ive preventive programs has been the inherent need for inter-
disciplinary and multisectoral action for injury control.
Although the health sector might best take the lead, health
ministries rarely have had the inclination or power to coordi-
nate the multiple disparate groups necessary to plan and im-
plement the necessary environmental, policy, and behavioral
changes. Agencies responsible for public health; curative and
rehabilitative health care; legislative affairs; public policy;
criminal justice; sociologic, psychiatric, and anthropologic
investigation; occupational hazards (including agricultural
pesticides); regulation of alcohol and drug use; education; and
transportation safety must all be coordinated to ensure a com-
prehensive preventive strategy.

Despite these obstacles, many developing countries have
made significant progress in strengthening injury prevention.
Eleven of thirty-two developing countries in a recent survey
(wHO 1989c) have established a coordinating body for injury
prevention or traffic safety. Many have also established strat-
egies for planning and financing research and injury control
activities. The World Health Organization’s Injury Prevention
Programme provides assistance to member countries in the
planning and implementation of national injury control pro-
grams.

For example, countries such as Nigeria have begun to rec-
ognize the need for national policy to address the growing
problem of alcohol-related injury. Odejide, Ohaeri, and
Ikuesan (1989, p. 235) have called for policy reform, including
“legislation on age limit for purchasing or drinking alcohol in
public places; legislation on drunk driving behavior; control of
alcohol advertising and period of sale; provision of breathalizer
equipment in hospitals; provisional law enforcement agents;
and massive education on the issue.”

Although many preventive technologies have been devel-
oped in industrial countries, there is no reason to believe that
most would not be applicable in developing countries. Many
proven preventive measures are not costly, yet they have not
been adequately exploited to reduce injury frequency and
severity in the developing world.

For example, the 27 percent reduction in passenger car
deaths observed in the United States from 1965 to 1985
(despite a near doubling of mileage exposure) would probably
be reproducible in many developing countries (Ezenwa
1986b). This success was attributed to improved roads (Na-
tional Safety Council 1986) and progress in making passenger
vehicles more crash-worthy (Campbell 1987). The decline in
motor vehicle mortality observed in Sdo Paulo, Brazil, since
1980 has also been ascribed to multiple preventive interven-
tions, including better control of driving speeds, greater police
surveillance, improved traffic engineering, and placement of
more footbridges over principal thoroughfares (de Mello and
Bernardes-Marques 1985).

Seat belts are infrequently used in most developing coun-
tries, although they might be expected to reduce the risk of
fatality by 43 percent (Evans 1986) and serious injury by 40 to
70 percent in motor vehicle crashes (SAE 1984) on the basis of
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Figure 25-3. Preretirement Years of Life Lost Annually and Federal Research Expenditures for Major

Causes of Death, United States
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the experience in the United States. In Singapore, a seat-belt
law accompanied by education and law enforcement efforts
have already successfully reduced motor vehicle injuries
(Chao, Khoo, and Poon 1984).

Other legislative interventions which have been effective
in industrial countries and would be of benefit in developing
countries include laws requiring motorcyclists to use helmets
and to have their headlights on at all times (Muller 1982; Zador
1983). The repeal of a mandatory helmet law in Texas was
followed by a 73 percent increase in fatalities and 20 percent
increase in injuries associated with motorcycle accidents. The
high incidence of crash injury and mortality among motorcycle
riders in developing countries also suggests that such laws
concerning helmet and headlight use may be effective. Even
in India, where cultural traditions restrict helmet use, studies
showed that turbans offer partial protection from head injury
(Sood 1988).

Evidence suggests that reducing the flammability of clothing
(such as by using a borax rinse) and its looseness may be
expected to reduce morbidity and mortality from burn injury
(Durrani 1974; Durrani and Raza 1975; McLoughlin and oth-
ers 1977). Improved design and safer use of stoves and lamps
would also be expected to reduce burn injury (Auchincloss and
Grave 1976; Lee 1982; Wintemute and others 1985). Epilepsy

Cancer

us$e24
miliion
research
expenditure

Heart disease/stroke

is frequently associated with burns and drownings, suggesting
that better treatment could reduce the incidence of injuries in
persons with poorly controlled seizure disorders (Buchanan
1972; Pearn, Bart, and Yamaoka 1978; Subianto, Tumada, and
Margono 1978; Sonnen 1980; Barss and Wallace 1983).

There is an urgent need to apply already existing preventive
strategies, such as reducing availability of dangerous drugs, use
of childproof caps, and proper storage of toxic substances, to
reduce poisonings in developing countries (Oliver and Hetzel
1972; Baker, O'Neill, and Karpe 1984). Information from
developing countries suggests that regulation and education to
reduce inappropriate use of medications and other poisonings
by better packaging and labeling, addition of emetics or
stenchants, and restriction of the availability of highly toxic
preparations would also be expected to reduce morbidity and
mortality (Mowbrey 1986; Choudry and others 1987).

In Zimbabwe, for example, 34 percent of agricultural work-
ers working with dangerous pesticides reported they had re-
ceived no safety instruction, and 38 percent believed that
pesticide containers could be reused for other purposes, such
as storing food or drinking water (Bwititi and others 1987). A
program to reduce pesticide poisonings in China through
regulation, education, and other preventive measures resulted
in a reduction in incidence of more than 98 percent, despite a
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nearly thirteenfold increase in the use of pesticides during the
same period (Shih and others 1985).

Studies from industrial countries show that legislation man-
dating adequate fencing, together with self-closing, self-locking
gates, around swimming and other pools of water can prevent
most toddler drowning deaths (Milliner, Pearn, and Guard
1980). Improved supervision and enclosure of small ponds,
wells, and drainage canals in residential areas in developing
countries would also be expected to reduce drowning deaths
among children (Gordon, Gulati, and Wyon 1962; Nixon,
Pearn, and Dugdale 1979; Thapa 1984).

Other examples of proven technologies which are undet-
used include safety guards to prevent hair or clothes from being
caught in drive belts (Gupta, Bhasin, and Khanka 1982). The
important problem of injury due to falls must be addressed
using locally appropriate strategies. For example, use of the
new, shorter hybrid varieties of tropical trees such as mango
and oil or coconut palms would undoubtedly prevent many
serious injuries in areas where these products are prominent.
Falls from rooftops, windows, or into wells can clearly be
prevented by appropriate design modifications or barriers.

Regulations for safe workplace conditions and regular in-
spections can clearly reduce injuries. In Brazil, a 79 percent
reduction in the proportion of industrial workers suffering
accidents between 1970 and 1984 has been ascribed to legis-
lation regarding the protection of workers (Pupo Nogueira
1987).

For criminal assault, homicide, and suicide, limiting access
to the means, such as firearms and medications, is likely to be
the most effective means of prevention. The evidence from the
United States and Canada suggests that the reduction of the
availability of weapons which inflict fatal injury would be
effective in reducing the incidence of homicide and suicide
(Sloan and others 1988). Elimination of carbon monoxide
from the coal gas in Birmingham, England, resulted in a 50
percent reduction in suicide deaths (Hassall and Trethowan
1972). Selection of effective strategies to prevent homicide,
suicide, and genocide (including war) must also clearly take
cultural factors into account.

The prevention of arms sales to countries at war is one
strategy that would be effective if international cooperation
could be achieved. Yet the barriers to rational public health
policy for the prevention of war are great. Werner (1989) poses
the key question: Has the huge arms industry been created in
the service of national security, or has the national security
paranoia been created in the service of the arms industry?
Industry's pressures upon governments and governments’ pres-
sures upon international agencies may explain the otherwise
incredible neglect of this important public health problem.

Case Management

Although preventive strategies to control injury primarily seek
to alter the external causes of injury, case management inter-
ventions act to limit or reverse the pathological outcome of
injuries. It is the extent or character of the pathological out-

come which generally guides case management decisions. De-
cisions in the transport or care of the injured must also consider
the mechanism or external cause of injury, however, because
this clinical history may be the sole clue to serious injury which
is occult or late in manifestation.

Elements of the Case Management Strategy

Deaths due to trauma in the industrial world have been de-
scribed by Trunkey (1983) as occurring in three periods after
the injury. “Immediate” death, occurring within an hour of the
injury, is generally the result of massive injury. “Early” deaths
are defined as those occurring one to three hours after the
injury, are generally from internal or other bleeding, and are
regarded as being preventable through early, good quality,
medical and surgical care. The “late” deaths occur days to
weeks after the injury and are generally due to infectious
complications or multiple organ failure. Trunkey estimates
that more than half of the trauma deaths in the United States
are immediate, and approximately 30 percent are early. In the
developing world, however, it appears that many more deaths
occur in the early and late periods, suggesting that considerable
death and disability might be prevented through improvement
in the quality of care and transport.

Five major factors are linked to the outcome of care for
the injured: the severity of the injury, the age of the injured
individual, the preexisting health status of the injured indi-
vidual, the time elapsed from injury to definitive care, and
the quality of care. Therefore, once an injury is sustained,
the strategies available to reduce morbidity and mortality
through improved case management are improvement in
the quality of care, improvement in the emergency transport
system, or both.

IMPROVED QUALITY OF CARE. The overall excess case-fatality
ratio of injuries sustained in the developing world also suggests
room for intervention through improved case management
(wHo 1988). There is evidence that modern treatment tech-
niques can reduce mortality rates of burn victims (Demling
1985) and that early and effective rehabilitation of such vic-
tims can reduce disability (Sinha 1984). Many needless deaths
are caused by preventable complications of minor injuries,
such as bleeding and infection. Gordon, Gulati, and Wyon
(1962) found, for example, that three of twenty-three (13
percent ) deaths from injury were from infections following the
injury. There is little information on the cost-effectiveness of
improving the quality of care. Because these interventions
would depend largely on training existing health professionals,
however, the expense would likely be minimal.

Even at the community level, appropriate first aid may
reduce the consequences of injury. Although there are few
prospective studies of the effectiveness of such basic care, not
many people would doubt the beneficial effect of controlling
hemorrhage, cleansing wounds, or stabilizing fractures. One

study in India demonstrated the effectiveness of cooling burns
with cold water (Mohan and Varghese 1990). Yet in some



developing countries few community members are familiar
with such first-aid principles.

At the primary health care level, workers may provide the
care above in addition to managing minor trauma, including
simple fractures and minor open wounds and burns. Appropri-
ate immediate stabilization of suspected fractures prior to
transport of the injured person, especially in neck injuries,
often prevents subsequent paralysis or other disability. Simple
removal of toxins and prompt use of emetics at this level may
significantly limit the extent of injury due to poisoning. Rou-
tine rehabilitation care, such as that after bone fracture, am-
putation, or burns, is also best conducted at the primary health
care level to optimize the function of injured perSons within
their own community.

More sophisticated care is required at the secondary and
tertiary levels for appropriate surgical treatment, such as for
thoracoabdominal trauma, and for inpatient care of injury or
poisoning. Data from Trinidad and Tobago (Ali and Narayn-
singh 1987) suggest that once the injury victim arrives at the
hospital, the twofold higher death-to-injury ratio observed
there than in North American hospitals might be reduced by
improved in-hospital care. In another study, in Natal, Bullock
and others (1988) estimated that one-third of deaths due to
head injury could have been prevented with adequate medical
treatment at referral sites. Adala (1983) found that, in dev-

. eloping countries, treatment of eye injuries in tertiary care
centers is often delayed, resulting in extensive infection and
loss of sight.

Rehabilitation, although, ideally, community-based, also
requires the backup and referral services of secondary and
tertiary care centers for specialized problems (Smith and Barss
1991). To limit disability due to injury effectively, rehabilita-
tion requires long-term, multidisciplinary, and comprehensive
service delivery. The goal of rehabilitation is the optimal
return of function—physical, psychological, social, and voca-
tional—to the injured individual. Rehabilitation is accom-
plished both through changes in the functional capacity of the
disabled person (for example, development of compensatory
muscle strength or the use of prosthetics) and through changes
in the physical and social environment. Simple rehabilitative
practices, such as range-of-motion exercises to reduce contrac-
tures after burns, may have tremendous effect in improving
function. Strategies which have been outlined for community-
based rehabilitation of the disabled with the limited resources
available in developing countries (Miles 1985; Werner 1987)
can considerably reduce the economic and sociopsychological
costs of injury-related disabilities.

In an evaluation of a rehabilitation program for patients
with spinal cord injuries in Taiwan, Wong, Chen, and Lien
(1981) suggested that significant reduction of disability could
be achieved with rehabilitation interventions. After rehabili-
tation 75 percent of the patients were able to walk unassisted,
and 68 percent were able to tesume activities of daily living.
Of the rehabilitated group, 17.6 percent were able to resume
working at their previous occupations, whereas only 5.2 per-
cent of those who received routine treatment were able to do
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so, adifference of 70 percent. These observations are supported
by the estimates of those concerned with rehabilitation in
developing countries that one-half to three-quarters of those
rehabilitated can subsequently return to income-generating
activities (David Werner, personal communication, 1990).

IMPROVED TRIAGE AND TRANSPORT SYSTEMS. A significant
challenge of emergency care of the injured is the process of
“triage,” which ensures that injury is managed with the
appropriate priority and at the appropriate level in the
health care system. In multiple injury and disaster settings,
it is of paramount importance that case management activ-
ities be prioritized and tasks allocated to optimize use of
health care resources. Each community must take responsi-
bility for disaster preparedness by ensuring that local re-
sources (for communications, transport, and health care)
are assessed, priorities established, and tasks assigned in
advance or as promptly as possible.

The model from industrial countries for the case manage-
ment of injuries includes an elaborate system of emergency
medical services (EMS), including communications, transport,
and prehospital and hospital care. Although this strategy of
case management of the injured is of interest to many devel-
oping countries, the cost of such a system is often prohibitive.
Even in the United States, EMS systems are generally available
only in large urban areas (West, Williams, and Trunkey 1988).
The benefits of improved communications and transport sys-
tems, however, would be observed in improved case manage-
ment of other medical and surgical problems, most notably
obstetrical emergencies. Among patients transported by EMs
systems in the United States, for example, only about one in
six has sustained an injury (Meador, Cook, and Larkin 1989).

At least four essential elements should be included in EMs

systems: (a) detection and assessment of emergencies; (b)

notification and coordination of transport and definitive care
services; (c) organization, training, and performance evalua-
tion of key participants in the EMS system; and (d) stabilization
and provision of definitive emergency care. If these four ele-
ments are developed, integrated, and strengthened appropri-
ately, the EMS system will also be capable of coordinating the
medical response to natural or other disasters.

Ali and Naraynsingh (1987), in their study of Trinidad and
Tobago, document that excess numbers of injury victims who
are alive after the injury event are dying before they reach the
hospital, suggesting that mortality could be reduced by basic
improvements to transport and prehospital care. Bhatnagar
and Smith (1989) point out the increased fatalities associated
with lack of transport among soldiers injured in the Afghan
war. Compared with their counterpatts in wars in which there
was prompt access to good medical care, few patients with
thoracoabdominal injuries survived long enough to make it to

‘the only hospitals available, which were on the Pakistan

border.

Although studies before and after development of improved
prehospital care and transport have shown large differences in
survival rates (West, Williams, and Trunkey 1988), such sys-
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tems should be developed only where good quality definitive
cate is reliably available. Where such secondary and tertiary
care is adequately developed, simple emergency communi-
cations and transport systems may effectively reduce injury
morbidity and mortality. In their study of one such system
in Papua New Guinea, based on radio linkages and intermit-
tent charter use of local aircraft, Barss and Blackford (1983)
documented an annual cost per capita of $0.20 for all med-
ical, surgical, and obstetric conditions, with a cost per life
saved of $450.00.

A telephone-based EMS for prehospital care and transport
has been established in five cities and surrounding areas on
the three most populated islands in Indonesia (Pusponegoro
1989). This system has been successful in providing prompt
triage, treatment, and transport during several disasters as well
as more than 5,000 routine ambulance responses in Jakarta
alone. Similar systems in the Dominican Republic (Eaton and
Perez Mera 1989), Egypt (Sarn 1989), and Nigeria (Owosina
1989) have been planned or implemented with creative meth-
ods of community participation, financing, and use of currently
available resources.

The estimated effectiveness of simple improvements in the
acute care and rehabilitation of the injured for four common
sources of injury is presented in table 25-4. Effectiveness esti-
mates are stated as DALYs gained as a result of appropriate acute
care and rehabilitation. The derivations of the estimates and
calculations in the table are described in appendix 25A.

Good Practice and Actual Practice: Are There Gaps?

Efforts to design strategies to reduce injury morbidity and
mortality through improved case management are hampered
by the lack of data on the effectiveness of such interventions
in the developing world. In the absence of such information,
many countries’ first efforts are focused on emulating the
elaborate EMS systems for emergency prehospital care and
transport which are such a dramatic element of case manage-
ment strategies in industrial countries. Many moderately
industrial countries might profit from improved triage, region-
alization of medical services, communications, and transport
systems; however, there is no benefit to saving minutes or even
hours of transport time if referral centers are not adequately
staffed and equipped to provide definitive trauma care.

Another important obstacle to the development of appro-
priate primary care for the injured has been the emphasis in
developing countries on vertical programs addressing the tra-
ditional infectious disease causes of mortality. Few programs
emphasizing such a selective strategy incorporate the basic
principles of management of minor injuries into the curricu-
lum for training community health workers. Although the
additional cost of training workers in basic first-aid practice
would be minimal, this opportunity to reduce injury mortality
has generally been neglected. Incorporation of first aid into the
curriculum in primary schools in developing countries, for
example, is an inexpensive intervention which would be effec-
tive in reducing the consequences of injury.

Training of currently available personnel at secondary and
tertiary care centers in basic trauma care also represents an
inexpensive intervention to reduce morbidity and mortality
which would probably be effective. For example, existing com-
munications and transport resources (such as police, fire, or
military systems) might be used to improve triage and prehospi-
tal care, avoiding duplication and limiting costs. In industrial
countries, however, creation of separate EMS systems and
development of regional trauma centers may represent the
most cost-effective next step to reduce injury mortality and

disability.
Priorities for Injury Control

Enough is already known to establish the importance of injury
as a public health problem in developing countries. Proven
interventions exist to begin to address key injury problems.
Although more work is needed to define locally specific injury
problems further, the need for more information to refine
strategies continuously should be addressed in the design
of injury control programs but should not delay prompt
action.

The First World Conference on Accident and Injury Pre-
vention was held in “response to the urgent need for promoting
accident and injury prevention and to mitigate their conse-
quences on the health of people” (wHO 1989a). Policymakers
from fifty countries developed a “Manifesto for Safe Commu-
nities,” elaborating recommendations for action to (a) formulate
public policy for safety, (b) create supportive environments, (c)
strengthen community action, and (d) broaden public services.
They emphasized the need to encourage politicians and deci-
sionmakers to recognize the importance of injury and to iden-
tify injury prevention as a priority goal.

Recognizing and addressing the importance of injury will
require integrated efforts at the international, national, and
community levels. The tasks of highest priority at each of these
levels are outlined below.

Priorities for Action by International and Donor Agencies

The focus of the “Manifesto” on the need for injury control
action at the national and community levels in developing
countries is appropriate. The governments of some of the more
economically powerful nations, however, currently defend the
profits of their national and multinational industries at the
expense of the health and safety of the people of developing
countries. Because injurious products, including alcohol, to-
bacco, pesticides, pharmaceuticals, and arms, are often pressed
upon developing countries, little progress can be made in
injury control until such marketing tactics have been
proscribed.

Yet these industries, which together yield $619 billion per
year (Werner 1989), will not easily be encouraged to be more
responsible in their exploitation of the markets of developing
countries. They have already successfully blocked legislation
designed to restrict or control the export or import of such



hazardous products (Hill 1988; Werner 1989). The first prior-
ity for injury control, therefore, is immediate legislative reform
in the industrial nations and prompt policy reform both in the
industrial countries and in international agencies.

Donor agencies concerned with bilateral development as-
sistance should take responsibility for educating lawmakers
and politicians in their own countries to encourage such policy
reform. As a first step to restriction of “dumping” of hazardous
products, donor agency regulations must ensure that products
imported with donor assistance should be made to the same or
similar safety standards as those in the donor country and
country of origin.

International and donor agencies should assist governments
in recognizing that the minimal short-term cost savings in
buying such hazardous products is likely outweighed by the
social and medical costs of the resulting injuries. The cost
savings resulting from the prevention of injury are societal,
whereas the costs of specific interventions are often borne by
individuals or special interest groups. In order to protect their
profit margins, industry can be expected to provide organized
resistance to injury prevention. International and donor agen-
cies should support injury control efforts, recognizing that
long-term national economic growth will be hampered if safety
is sacrificed to spare the short-term profits of these special
interest groups. '

Donors should complete an assessment of the injury effects
prior to funding nonhealth sectors to ensure that hazards,
such as those created by the construction of roads or the
development of industry or trade, are recognized and mini-
mized. Funding should also be made contingent upon com-
pliance with international standards for worker, roadway,
and product safety. Countries may be encouraged to address
the public health importance of injury responsibly by ear-
marking a percentage of the funding for each project to-be
allocated to injury prevention activities. Donor agencies
should also allocate development assistance resources for
core funding to support the development of injury control
programs and research.

International agencies, such as WHO, should continue to
provide information and guidance regarding policy and re-
search priorities of international significance. Other United
Nations agencies, including the United Nations Environment
Programme and the United Nations Disaster Relief Office,
represent global resources which assist nations in achieving
disaster preparedness or provide assistance to them during a
disastrous event. :

International organizations concerned with health, human
rights, and security must take courageous action, sometimes
against the will of powerful member states, to halt inter-
governmental and intergroup violence. Some responsibility
also rests with these agencies to coerce the governments of
industrial nations to halt the dumping of their unsafe prod-
ucts in developing countries. Many major donor countries,
however, which often control the international agencies,
will resist such pressure because of the huge financial profits
to be made in the sale of hazardous products such as arms.
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Priorities for National Action in Developing Countries

Enough is presently known about the importance of injury in
developing countries to justify action on a national level in
every country. The “Manifesto for Safe Communities” (WHO
19894, p. 8) states, “As part of its national health plan, each
government should formulate a national policy and plan of
action to create and sustain safe communities.”

Formulation of a national policy and plan of action would
best be preceded by a review of the available national data
regarding locally important injury problems (Smith and Barss
1991). The first step would be to conduct an assessment of the
injury situation, using existing data sources to characterize

injury epidemiology, cost and effectiveness of interventions,

and needs for additional information. Frequently the data that
are already available have not been analyzed or used to develop
strategies of injury control. Information available from police
or hospital records, for example, should be exploited before
additional data needs are identified and new information sys-
tems developed.

A national injury control program must establish a mecha-
nism for intersectoral and multidisciplinary collaboration for
policy planning and coordination of program implementation.
A national injury control program cannot, in view of the need
for multisectoral action, be designed as a vertical program to
be fully contained within a ministry of health. Central coordi-
nation might best be achieved, therefore, through establish-
ment of a task force or coordinating committee which reports
directly to senior-level government officials (wHO 1987a).
Such an administrative arrangement would also reflect the

- necessary national political commitment to ensure the coop-

eration of sectors responsible for education, transportation,
industry and trade, housing, legislation, and enforcement.

The central coordinating body should then act to provide
the necessary political and technical support for the injury
control activities at intermediate (for example, regional or
district) and community levels. It is at these levels that specific
hazards will most often be recognized and dealt with to prevent
injury. The political and technical support will include
strengthening education, communication, research, and train-
ing for injury control. In establishing priorities and providing
support, governments must be mindful of their special respon-
sibility for addressing injury problems among politically and
socially disadvantaged groups, such as children, women, and
minorities.

Ongoing monitoring or periodic evaluation should be con-
ducted to document the economic effect of injury problems
and the cost and effectiveness of interventions. These infor-
mation systems, once established, will be instrumental in re-
fining strategies for implementation of any successful injury
control program. Pilot projects may be established and evalu-
ated prior to the widespread implementation of unproven
interventions for injury control.

- Governments of developing countries should supervise trad-
ing partners and collaborate with donors to ascertain that their
countries are not dumping grounds for hazardous products
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which have been banned or become less marketable in their
country of origin (Navarro 1984). Import policies and duties
and national taxes or subsidies should be designed to increase
product and environmental safety. Other national legislation
should also be reviewed to ensure that it addresses the envi-
ronmental and behavioral hazards associated with locally im-
portant injury problems.

Although no single list of interventions can be appropriate
to every developing country, several injury control measures
may be identified which address problems common to most
countries. The following low-cost interventions are likely to
have the greatest cost-effectiveness in most countries and
should be considered as first priority actions:

° Import policy and product and environmental im-
provements to address burn, fall, and poisoning injuries

e Legislation, regulation, and enforcement to improve
occupational and transportation safety

o Alcohol abuse control, especially through taxation

o The strengthening of education for first aid and acute
care of the injured at the community and primary health
care levels

© Maintenance of trained personnel, basic treatment facil-
ities, and essential drugs for secondary-level management
and prevention of complications due to injury

¢ Coordination of existing transport and communications
resources to speed access to emergency care at secondary-
and tertiary-level health centers

© The strengthening of rehabilitation services at the com-
munity level and referral resources at secondary and tertiary
levels

Priorities for Action at the Community Level

The impetus for injury control programs comes most appropri-
ately and effectively from the community level. As develop-
ment permits individuals and communities to take control of
the economic and political forces which affect their lives,
industry and goverments can be pressed to address the public
health problem of injury. Grassroots advocacy groups have
accomplished much where governments have failed in the
industrial world—for example, to change environmental fac-
tors (such as product design for safety) and behavioral risk
factors (such as alcohol use).

Unfortunately, however, such spontaneous community or-
ganization to demand social change is less likely to occur in
the politically disadvantaged communities in many develop-
ing countries. Communities are unlikely to demand increased
personal security when more basic needs are unmet. A larger
share of the responsibility for ensuring adequate protection of
its citizens will therefore fall to governments until injuries are
seen as unacceptable by an organized community.

Meanwhile, however, communities should begin to work
with their governments to increase public knowledge of injury
problems and demand for safer communities. Organized com-

Table 25-6. Initial Injury Research Priorities

Action Examples
Develop and test injury Identification and quantifi-
surveillance and survey cation of disability; sensitivity

techniques

Elucidate local role of specific
factors as risk for injury

Investigate cost, effectiveness,
and impact of specific inter-
ventions for injury control

and specificity of case
definitions

Alcohol and drugs

Preventive measures {espe-
cially those known to be
effective in industrial coun-

tries); case management at
primary health care level; EMS
systems; regionalization of care
(including trauma and poison
control centers); rehabilitation
technologies and programs

Source: Authors’ data.

munities are best able to recognize local hazards and pressure
local and national governments to improve the prevention and
treatment of injury. Effective communications to communities
regarding injury problems, through both the press and the
government, will help ensure community support for injury
control efforts.

Collaboration with the private sector may be an important
contribution to the success of national injury control programs.
Education and communications efforts might best be targeted
for private sector decisionmakers, managers, and educators
who are in positions to affect preventive practices. Industries
may already have well-developed concerns regarding injury
prevention and provide a ready source of support for program
design and implementation. Many international nongovern-
mental organizations have stated an interest in injury preven-
tion (wHO 1986), and their local chapters may also help to
organize critical support.

Priorities for Injury Control Research

The continuing need for evidence of the effectiveness of
specific interventions to aid in program design must be
addressed by incorporating strong evaluation or operational
research components into every injury control program.
Development of the capacity for conducting such opera-
tional research must be a high priority for resource alloca-
tion. There are many examples of interventions which
have had the opposite effect intended, emphasizing the
need to assess the effectiveness of every intervention for
injury control.

The World Health Organization (1989c) has identified nine
areas of injury research: epidemiological and vital statistical,
behavioral and psychological, mechanical and biomechanical,
therapeutic, rehabilitative, environmental design standards,
economic and legislative policy, toxicological and pharmaco-
logical, and health systems research. Several research topics
which should be of the highest priority because of their impor-



tance for program design are listed in table 25-6. Initiatives in
each of these research areas will be most cost-effective if
undertaken as operational research, in conjunction with the
design, implementation, and evaluation of national, regional,
or community programs.

Appendix 25A. Sources of Data for Effectiveness
Calculations

Even for industrial countries, the effectiveness of specific in-
jury control strategies has been poorly documented, except for
certain motor vehicle injury prevention efforts (Rice and
others 1989). The data from developing countries are even
more limited, but estimates of the effectiveness of injury con-
trol strategies may be made by using the available information
and generalizing from the industrial world if these figures are
poor or not available. Although the effectiveness of injury
control interventions would likely vary considerably from one
country to another, figures have been selected which might
best represent global averages. The lack of information on the
cost of implementing these injury control interventions in
developing countries currently precludes calculation of any
cost-effectiveness estimates.

The effectiveness estimations presented in table 25-4 are
calculated for four of the most frequent causes of injury mor-
tality and disability in developing countries (Manciaux and
Romer 1986; Taket 1986). It must be realized, therefore, that

because these injuries represent perhaps only 35 to 40 percent -

of injury disability and mortality, the opportunity for effect on
health is much greater than suggested by these four model
intervention programs. Estimates are calculated as disability-
adjusted life-years gained.

Estimates of percentage reductions in incidence or disability
to be achieved with multiple interventions may exceed 100
percent, because there may be considerable overlap in the
effect of specific interventions. For example, the same motor
vehicle collision injury of an intoxicated driver might be
prevented (or reduced in severity) through prevention of alco-
hol abuse, improved design of the vehicle, or by changing the
driver’s behavior to incorporate seat-belt use.

For each injury problem, the expected effectiveness of alco-
hol taxation in the prevention of injury is calculated by mul-
tiplying the expected reduction in alcohol-related injury times
the proportion of that injury problem which has been attrib-
uted to alcohol (cpc 1990), or the “alcohol attributable frac-
tion” (AAF). On the basis of the work of Phelps (1.988) and
recent suggestions that price elasticity may be even higher in
developing countries than that observed in the United States
(Chapman and Richardson 1990; Warner 1990), a 75 percent
expected effectiveness in reducing alcohol-related injury
through taxation has been assumed.

Because data from developing countries regarding the effec-
tiveness of rehabilitation in reducing disability are so limited,
the same estimate is used for all four of the injuries. An analysis
of a rehabilitation program for patients with spinal cord inju-
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ries in Taiwan (China) is detailed earlier in this chapter as an
illustration of data contained in table 25-4.

Transportation Injury

The incidence of motor vehicle injury in the United States is
2,266 per 100,000 people; of those injured, 9.7 percent are
hospitalized and 0.86 percent (19.4/100,000) are fatally in-
jured (Rice and others 1989). The incidence of all injuries due
to motor vehicle collision in developing countries is likely to
be at least 665 per 100,000. This estimate is based on the
average reported mortality rates for twenty-one developing
countries of 11.3 per 100,000 (paHO 1986) and the injury-
to-fatality ‘ratio, or case-fatality ratio (CFr), of 1.7 percent,
double that of industrial nations (Ali and Naraynsingh 1987).
The crr for motor vehicle injury of 1.7 percent is consistent
with the observed fatalities of 18 to 21 per 100,000 in Argen-
tina, El Satvador, Costa Rica, and Thailand (although a higher
rate [34 per 100,000] is found in Mexico, for example, and a
lower rate [6 per 100,000] is found in the Philippines).

The average age of thirty at the time of injury reflects the
fact that persons injured in motor vehicle collisions in devel-
oping countries are older than their counterparts in the indus-
trial world (pAHO 1986; Ali and Naraynsingh 1987; Salgado
and Clombage 1988). For those not fatally injured, the mor-
bidity (in life-years lost) per injury is assumed to be the same
as the 0.22 calculated by Rice and others (1989) for these
injuries.

The likely effectiveness of alcohol taxation as a preventive
measure for motor vehicle injury is based on an AAF of approx-
imately 40 percent, as is observed in both the United States
(cpc 1990) and Papua New Guinea (Wyatt 1980; Sinha,
Sengupta, and Purohit 1981). With the expected 75 percent
effectiveness in reduction of alcohol-related fatalities through
taxation and other such economic incentives (Phelps 1988),
an estimated reduction of injury incidence of 30 percent is
calculated.

Environmental and vehicle improvements might be ex-
pected to result in at least a 70 percent reduction in incidence
or severity of injury due to motor vehicle collisions. Support
for this estimate is provided by the 40 percent reduction in
mortality observed in the United States resulting only from
vehicular improvements (Robertson 1984). It has also been
estimated (Smith and Falk 1987; Rice and others 1989) that
75 percent of motor vehicle fatalities could be prevented
through the use of currently available vehicular and environ-
mental safety standards (including vehicle modifications, pro-
vision of airbags, and reduction of roadside hazards). Behavior
change through education and appropriate enforcement of
seat-belt use might reduce injury incidence and severity of
these injuries by 40 percent (Evans 1986; Rice and others
1989).

Data from Trinidad and Tobago (Ali and Naraynsingh
1987) and similar observations in the United States indicate
that improvement of trauma care for victims of motor vehi-
cle injury would result in an estimated 50 percent reduction
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in the CFR. A similar reduction in the disability of those
not fatally injured is assumed to be achievable with these
interventions.

Falls

The incidence of injury due to falls in the United States is
5,184 per 100,000 people; of those injured, 0.1 percent are
fatally injured and 6.4 percent require hospitalization (Rice
and others 1989). The incidence of injury from falls in devel-
oping countries is probably at least 2,000 per 100,000, in view
of the observed death rate of 4 per 100,000 and an assumed
injury-to-fatality ratio of 0.2 percent (double that observed in
the industrial world, as is the case for other traumatic injuries;
see Ali and Naraynsingh 1987). The average age of thirty at
the time of injury reflects the higher incidence among the
elderly and the occupational nature of many of these injuries.
For those not fatally injured, the morbidity (in life-years lost)
per injury is assumed to be the same as the 0.03 calculated by
Rice and others (1989) for these injuries.

The probable effectiveness of alcohol taxation as a preven-
tive measure for injury due to falls is based on an AAF of 35
percent , as is observed in the United States (cbc 1990), and
an expected 75 percent effectiveness in reduction of alcohol-
related fatalities from falls (Phelps 1988). These figures suggest
that a 26 percent reduction in injury incidence and severity
may be achieved with high alcohol taxes.

Environmental improvements might be expected to re-
sult in approximately a 50 percent reduction in incidence
or severity of injury due to falls. Asogwa (1988) observed,
for example, a 60 percent reduction in mining injuries
(primarily falls) when environmental improvements were
made in the workplace in Nigeria. Education designed to
improve safety behavior has been observed to reduce the
incidence or severity of fall injuries among children by 40
percent (Kravitz 1973). That these estimates are realistic (or
even low) is suggested by the 92 percent reduction in injury
from falls among children which was reported in New York
City following initiation of a program including both envi-
ronmental regulation and education (Bergner, Mayer, and
Harris 1971; Bergner 1982).

Data on excess deaths among trauma victims in Trinidad
and Tobago (Ali and Naraynsingh 1987) indicates that im-
provement of trauma care for victims of injuries from falls
would likely result in a 50 percent reduction in the CFr.
Although it is likely to be conservative, a similar estimate can
be made of the reduction in the disability of those not fatally
injured.

Fires and Burns

The incidence of moderate to severe burn injury is probably at
least 600 per 100,000 people in developing countries. In sup-
port of this estimate, a similar incidence is implied if 2 to 3
percent of such burn victims require hospitalization in Saudi

Arabia (3.7 percent in United States), because the observed
hospitalization rate is 16 per 100,000 (Jamal and others 1989).
The incidence of burn injury in the United States, for compar-
ison, is 617 per 100,000 (Rice and others 1989).

The average age of ten at the time of injury reflects the
higher incidence among children. For example, Sowemimo
(1983) and Haberal and others (1987) reported that well over
half of burn victims admitted in Lagos (56.2 percent) and
Turkey (69.7 percent) were less than fifteen years of age. In
each case, most of these were less than six years of age. Similar
age distributions for burn injuries have been observed in India
(Gupta and Srivastava 1988).

Data from India (Gupta and Srivastava 1988) and Saudi

.Arabia (Jamal and others 1989) indicate that the CFR for

moderate to severe burn injuries is about 1 percent, although
mortality rates for hospitalized patients are generally much
higher. For comparison, the case-fatality ratio among burn
injuries in the United States is 0.4 percent. For those not fatally
burned, the morbidity (in life-years lost) per injury is assumed
to be the same as the 0.86 calculated by Rice and others (1989)
for these injuries.

The likely effectiveness of alcohol taxation as a preventive
measure for injury due to fires and burns is based on an AAF of
45 percent, as is observed in the United States (cpc 1990), and
an expected 75 percent effectiveness in reduction in alcohol-
related fatalities (Phelps 1988). These figures suggest that a 34
percent reduction in the incidence and severity of these inju-
ries might be achieved at a tax rate of 50 percent.

Product improvements such as safer stoves and less flamma-
ble clothing might be expected to result in a substantial reduc-
tion in incidence and severity of burn injury. Sixty-three
percent of burn deaths in Minuflya, Egypt, are of women and
are ascribed to overturned portable stoves (Saleh and others
1986); this epidemiology of burns is typical of that in many
developing countries. In addition, more than 30 percent of
burns are related to clothing ignition ( Durrani 1974; Barss and
Wallace 1983). In the United States the introduction of im-
proved flammability standards for children’s sleepwear reduced
these burn deaths among children by more than 98 percent
between 1968 and 1980 (Baker, O’'Neill, and Karpe 1984). It
is therefore estimated that improved stoves and less flammable
fabrics in developing countries would achieve approximately
a 70 percent reduction in injury incidence.

Educational interventions might also be used to reduce the
frequency of overturned stoves. It has been estimated that 90
percent of burns to children in Central Africa might be pre-
vented with simple barriers around open fires and cookstoves
(Auchincloss and Grave 1976). Education designed to im-
prove safety behavior is rarely fully effective in altering the
target behaviors, however, so the expected reduction in the
incidence or severity of these injuries is estimated to be 50
percent (Barss and Wallace 1983; Schelp 1987).

Improvement of trauma care for burn victims would result
in an estimated 60 percent reduction in the CFR, if the CFR is
reduced to that observed in industrial nations. The observed



reduction in the proportion of burn victims requiring skin
grafts when cold water was immediately applied to a burn
suggests that this intervention could reduce the disability of
those not fatally injured by an estimated 86 percent (Mathews
and Radakrishnan 1987). Improved rehabilitation of burn
victims would likely contribute an estimated 70 percent reduc-
tion in disability, because simple range-of-motion exercises
greatly reduce the formation of disabling contractures after
burn injury.

Toxic Injury

The incidence of organophosphate poisoning alone is esti-
mated to be 100 per 100,000 people (Xue 1987) in China’s
largely agricultural society. In Sri Lanka, however, the inci-
dence is probably much greater, because pesticide poisonings
severe enough to hospitalize the victim occur in 90 per 100,000
people. Organophosphates account for 20 to 50 percent of
poisoning injury, so it can be estimated that the overall inci-
dence of poisoning in developing countries is approximately
300 per 100,000 people. The incidence of injury from poison-
ing in the United States, for comparison, is 718 per 100,000
(Rice and others 1989). The higher incidence in the United
States might be expected in view of the higher prevalence of
toxic substance use and the higher likelihood that mild toxic-
ity would be detected.

The average age of ten years at the time of toxic injury
reflects the higher incidence among children (Joubert and
Mathibe 1989), although many poisonings occur in the work-
place. On the basis of the ninefold excess fatality rate among
cases of organophosphate poisoning in China (Xue 1987), we
estimate the CFR for poisonings to be approximately nine times
the 0.7 percent case-fatality ratio in the United States (Rice
and others 1989), or 6 percent. This percentage is consistent
with average CFRs observed for other toxic ingestions (Shih and
others 1985; Joubert and Mathibe 1989; Bhutta and Tahir
1990). For those not fatally injured, the morbidity (in life-years
lost) per injury is assumed to be the same as the 0.01 calculated
by Rice and others (1989) for these injuries. Although most
poisoning victims who survive will recover without disability,
the high disability ratio observed, for example, in Bhopal
(where 3 to 5 persons were permanently disabled for each of
the estimated 10,000 fatalities) suggests that this is probably a
conservative estimate.

Alcohol abuse is associated with poisonings from other
toxins, especially in suicides. The likely effectiveness of alco-
hol taxation as a preventive measure for poisoning is based on
an AAF of 10 percent, as is observed in toxic ingestions in Sri

Lanka (Hettiarachchi and Kodituwakku 1989), and an ex-

pected 75 percent effectiveness in reduction of alcohol-related

fatalities (Phelps 1988). These figures suggest that alcohol
taxation (at a rate of 50 percent ) might be expected to result
in an 8 percent reduction in toxic ingestions.

Product improvements (that is, use of less toxic preparations
of pesticides, child-proof caps, and so on) might be expected
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to result in an 80 percent reduction in the incidence and
severity of poisoning. A 95 percent reduction in poisonings was
observed, for example, with the elimination of carbon monox-
ide from coal gas in Birmingham, England. Because organo-
phosphates account for nearly half of poisonings, and 80 to 90
percent of pesticide poisonings are caused by highly toxic
preparations which account for only 4 to 5 percent of pesticide
use (Xue 1987), one could expect nearly a 50 percent reduction
in overall poisoning incidence with use of less toxic organo-
phosphate preparations. Educational interventions and safer
use of toxic substances might also be expected to contribute a
40 percent reduction in the incidence of poisoning (Shih and
,others 1985).

Improvement of emergency care for poisoning victims might
be expected to result in an estimated 60 percent reduction in
the CrR, if fatality rates are reduced to near those observed in
industrial countries. Although the disability rate is small,
improved rehabilitation for poisoning victims might result in
an estimated 70 percent reduction in the severity or duration
of disability.

Notes

The authors gratefully acknowledge the support and comments of Susan
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